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"iNTERPENETRATlNG POLYMERIC NETWORKS COMPRISING 

POLYTETRAFLUOROETHYIENE AND POIYSILOXANE" 



5 Background of the Invention 

The present Invention relates to polymeric structures 
having interpenetrating matrices in cured form, comprising a 
polytetrafluoroethylene (PTFE) network and a polysiloxane 
network. More particularly, the present invention relates to 
10 interpenetrating polymeric networks wherein a curable silicone 

composition is mixed with PTFE powder and, thereafter, said 
silicone is cured, while simultaneously stretching ' the 
silicone/PTFE mixture. 

Tetraf luoroethylene polymers and, in particular, 
15. polytetrafluoroethylene, are gaining more and more uses because 

of their chemical inertness and desirable physical properties 
such as water repellency and electrical insulating abilities. 
In one very large area, the field of porous articles, their use 
has been substantially blocked by the very considerable 
20 difficulty of making an article porous and keeping it so while 

providing it with adequate strength. Complicated and expensive 
processes have been ^devised such as adding a filler to the 
polymer prior to shainng and,--then ^removing the fj 2 1^^^ — aft-er 
shaping, _f or example, by leacMno it out of the sha ped 
25 with a solvent, orbjMnelt or b urning ij _o ut. 

4 . . 

Gore, U.S. Patent Nos.. 3.i53.:566; 3»962,153; 4,096,227; and 
4,187,390, overcame the difficulties of the prior art by 
stretching PTFE rods as fast as- passible so as to provide 
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tetraf luorpethylene polymer having outstanding combinations of 
high porosity and high strength. Moreover, even ^hough the rod 
was greatly . lengthened ;1ts diameter remained virtually 
unchanged throughout its length. The rapid stretching alsq 
transformed the hard, shiny rods into a soft, flexible 
material. Gore also teaches that there may. be Included as 
fillers, silicone fluids haying,, structures represented hy the 
formula ^..:.-..m- • - * v - 



10 where n is from 0 to about 2000 and R is an alkyl or aryl 

radicaK.- ~. . ^ . 

Products, based on rapi(J:ly stretching highly crystalline 
pplytetraf luoroethylene include porous films for. filters and 
liaminates; fabric laminates .of PTFE film bonded to fabric to 
15 produce a material having the contradictory properties of 

impermeability to liquid water and, permeabjility to water vapor, 
'^^^ie^^TeFi;ar^ being used to make "breathable" rainwear and 
filters; porous yarn for . weaving arid braiding into other 
^ products : such as pump packing; /tubes used as . replacements for 
20 huma n, actgeigs^and veins; and. insulation for high performance 

. 'TTIectrTc cables. . . ^ 

An interpenetrating polymer network (IPN) is a combination 
of at least two polymers in network form, at least one of which 
is synthesized and/or crossl inked in the immediate presence of 
25 the other. IPN's can be further classified as sequential 

IPN's, where the networks are made sequentially, and simultane- 
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ou$ IPN's, where the monomers are mixed together and polymeri- 
zed by independeht and non-interfering routes. Sequential 
IPN's can also be prepared' by sweTling" a pblyrrier with a monomer 
and activating agents and, therfeafteir»' polymer the monomer 

in s'itu. ' ■* ■ ■ ' ' '"■ ' ' ' 

Since'\rije IPN*s require^^^^ on che 'molecular level, 

WhifcH is^ not possWle ■ wi'th- sbme'^ l^oiymefs" due to their well 
known thermodynamic incompatibility, those skilled in the art 
often refer to these IPN's as pseudo-IPN*s. For purposes of 
the present invention* the terms "interpenetrating polymer 
network" and "psuedo- interpenetrating polymer network" are used 
interchangeably and are. intended to describe both sequential 
IPN*s and simultaneous IPN^s. 

Interpenetrating polymeric networks wherein one of the 
p oTyr ners is a pol ysi loxan e^jire loTowfi in~~the~"artT " Fuscante "et" 
al., ij.'S. Tat- N6. 4i2S0,D74, ' discloses an interpenetrating 
polyitier network' 'of "a ' p'6lymer1z-W' ' 'epb 'resin network 
ihtertWined ' with a polys'iloxarie network formed' by the 
hydrolytic polycbndensation* of ^si lane gr^ This is achieved 

by the simuTtaheous polymer izat'ibn-, at substantially balanced 
■ reaction fates, of ' a mixturfe^ of epoxy resin and ' silane. An 
amine' curing agent f orms ' the" epoxy network and water 
distributed"' throughout -the- tnixjtare^^ causes • the hydrolytic 
polycondensation of the silane groups. A prieferred method for 
preparing the IPN is to react epoxy resin. with an aminosilane 
capable of both hydrolytic polycondensation of the silane 
moiety and amine addition of the oxirane rings of the epoxy 
resin. * 
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' Frisch et ai*, U.S. Pat. No* 4,302,653; describes 
interpenetrating polymeric networks characterized by a single 
glass transition temperature, comprising at least two separate 
chemically dissimilar macrocyclic structures of crosslinked 
5 polymer chains which do not contain ionizable groups and which 

are crosslinked by different crosslinking agents which 
crosslink by different crosslinking mechanisms, the polymer 
thains of one macrocyclic structure being threaded through, but 
having substantially no intermolecul ar chemical bonding with, 

10 another macrocyclic structure of the interpenetrating polymer 

network, with the proviso that the macrocyclic structures have 
rings of at' least 20 firi^ atoms- Suitable crosslinking 
polymers typically can be polyf unctidnal polyurethane, 
polyepoxides, polyesters, polyamides, polyiraides, phenol ics, 

15 polysiloxanes, polysulf ides, acrylics, poly ' (styrenebutadiene) , 

poly (styrene-acryldhitrile), poly (butadiene-acrylonitrile), 
polychloroprene, poly (chloroprene-acrylonitri le) and poly 
(acrylonitrile-butiadiene-styrerie) . 

* Pierce et 'aK, U.S. Pat. No". 4,312,920, provides a blood 
20 contacting layer and a blood contacting interface cbnsisting of 

a solvent cast polyurethane alloyed with a filler-free silicone 
rubber. the alloy interface comprises an ' interpenetrating 
polymer network consisting of polyurethane and filler-free 
silicone rubber at the molecular level. 

25 Siegfried et al., U.S. Pat. No. 4,468,499, relates to 

interpenetrating polymer networks comprised of at least two 
polymers, the second of which is polymerized in the presence of 
the first of said polymers, in a mutual solution of said first 
polymer and a prepolymer or monomer of said second polymer, at 
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least one of said polymers comprising a continuous phase within 
said composition, , said polymers being crossl inked by a 
npn-coyalent bonding mechanism selected from the group 
consisting of (a), ionomeric attraction . , and (b) block 
cppolym^rs» .each hayjng, at . least three blocks, at least one of 
said bipcks comprising an el astomeric block jnd at least two of 
^ said blogks comprising glassy blocks, 

. crystalline blocks , or. hydrogen , bpnde^^^ wherein one of 

, sajd , pplygiers .is , .a .trtbTock copoliTner containing monoaUenyl 
arene PAlymgr. end blocks and the otjher of said polymers is a 
. _ monoalkenyl arene mpnomer, . copolymer ized , with an acid forming 
monomer. The crystalline block can be polydiphenylsiloxane and 
the elastomeric block can be polydimethylsiloxane. 

. . Arkles, .U..S. .^P§t. No/ processable 
15 . . .compositigns comprising . .a .silicone component which is 
vulcanizable by the reaction of, a hydride-containing silicone 
within a polymeric thermoplastic matrix to form a silicone 
pseudo-interpenetrating polymer network, said vulcanization of 
said silicone component being initiated during thermoplastic 
20 melt-mixing of said .component with said matrix. The polymeric 

^thermoplastic. matrices include polyarnides, thermoplastic 
polyurethanes, bisphenol . A polycarbonates, styrenics and 
. polyacetals. 

All of the foregoing patents are incorporated by reference 
25 into the present disclosure. 



% - 
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Summary of the Invention 

It Is an object of the present invention to provide Inter- 
penetrating ipoliymer networks comprising a polydiorganosiloxane 
network and a polytetrafluoroethylene network- 

It is another object of the present invention tq provide ; 
porous materials havi ng improved Impe rmeability to liquid wate r 
and Improved air permeabilit y, e>g>» breathabi lity* 

Another object of the present Invention is to provide 
materials useful in the manufacture of apparel fabric 



10 \^ laminates^' geotextiles, geomembranes, filters, and other 
industrial, medical and electrical appl ications^r . - 

Still another object of the present invention is to provide 
methods for -^making- polysiloxane -r^ polytetraf luoroethylene 
interpenetrating networks. . .= . . ^ 

15 "In accordarice-with the present invention there are provided 
novel ' compositions comprising a poTysiloxane component 
vulcarii'zed within a polytetraf luoroethylene component to form 
an interpenetrating polymer network. 

There are also provided methods of producing poTysiloxane • 
20' ' polytetraf luoroethylene interpenetrating polymer., networks by 
curing a silicone within the polytetraf luoroethylene matrix, 
particularly at elevated temperatures while simultaneously 
stretching a mixture of said silicone and polytetraf louro- 
ethylene. 
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Descriptlog of the Invention 

In accordance with, one aspect .of the present invention 
V there are provided compositions ^ having interpenetrating 
matrices in cured form, . comprising: 

5, (aV a first polymer network characterized by nodes 

; intercQnnec.ted by f ibrils*: and j . . 

(b) a second polymer network comprising diorganosiloxy 

vnr • . . . units. , • •^: ■ 

^ ' . Component (a) can be any polymer capable ;;0f being 

10 stretched, - drawn or expanded , so -as tpypbtainf ,a microstructure 

characterized by nodes interconnected by very small fibrils. 
It- -is -es'pedally preferred: that component-:,. (a) :be polytetra- 
^ fluoroethylene as taught: «. by ,Gore;,:in;. the -aforementioned U.S. 

patents. Polyethylene, polyamidesi::.; ar)4r pplyesters are also 
15 known to exhibit a fibrillar structure upon being drawn or 

' ^ ^ expanded*' The- sui tab il ity. of .other; ipolyipgrs -for practicing the 
present, invention will be obvious to those;, skilled, in the art 
or can be ascertained without undue ^experimentation- 
Component (b) can be any curable silicone composition, 
20 however; it is preferred that -an addition curable silicone 

composition be employed in the practice of the invention. 
Generally stated, addition curable, silicone compositions 
comprise (1) a polydiorganosiloxane. having alkenyl 
. unsaturation, (2) an organohydrogenpolysiloxane crosslinking 
25 agent, and (3) a catalyst for promoting crosslinking of (1) and 

(2). The principles of this chemistry are well known to those 
skilled in the art. 



RNsnnnin: <wo a702996Ai i > 



/ 



wo 87/02996 PCT/US86/02405 



-8- 

AlkenyUcon^inlng polydib^^ typically employed 

in the practice of the present . invention can have viscosities 
up to .100,060,000 centipoise of ^m^^^ for example, in 

accordance with the teaching of U.S. Pat. No. 4,061,609 to 
5 Bobear. li has been found that excellent results are obtained 

when the viscosity of the alkenyl-containing polysiloxane is 
froni about 500 ceniipoise to 50,000 centipoise at 25'*C, and 
especially when the viscosity is from about 3000 centipoise to 
6000 centipoise at 25*^0. 

IQ Organohydrogenpolysiloxanes that can be utilized in the 

present invention may be linear or resinous and have 
viscosities of between about 25 centipoise and 10,000 
centipoise at ZS^'C, with the preferred range being from about 
100 centipoise to about 1000 centipoise at 2i5**C. 

15 ^ The curing catalyst can be either an organic peroxide or a 

precious metal containing material. Suitable organic peroxides 
include, di benzoyl peroxide, bis-2,4-dichloroben2oyl peroxide, 
di-t-butyl peroxide. 2.5-dimethyl-2,5-di- (t-butylperoxy) 
hexane, and dicumyl , peroxide. Precious metal containing 

20 catalysts can be based on the metals rhodium, ruthenium, 

palladium, osmium, irridium and platinum. It is particularly 
preferred that a platinum metal complex be employed as the 
catalyst, for example, as taught by Ashby in U.S^ Pat. Nos... 
3,159,601 and 3,159,662, Lamoreaux in U.S. Pat. No. 3,220,970, 

25 Karstedt in U.S. Pat. No. 3,814,730, and Modic in U.S. Pat. No. 

3,516,946. 

In an especially preferred embodiment, the addition curable 
silicone composition further includes a reinforcing organopoly- 
siloxane resin of the type disclosed in U.S. Pat. No. 3,284,406 
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to Nelson or U.S. Pat, Np.^ 3,436,366 to Modic. Briefly, such 
resins ! are copolymers of SlOg unitsV (0^3)35100 5 units 
and /{CH3)2(CH2=;CH)^^^ and' ' SiOg * units, 

(CH3)3S10q 5 / unitv * and (CHgHCHg^CH^ units, 
respect i yely» , Particularty preferred prganopolysiloxane resins 
.are MDQ resins^ havinp^ yinyl unsaturation on monofunctional 
...sITpxane/ units, difunctional siloxane units, or both. The use 
of such, reinforcing organopolysi loxane resins is especially 
desirable when the viscosity of the alkenyl containing 
10 polydiorganosi loxane is less than about 5000 centipoise at ZS^C. 

It is also contemplated that there may be included any 
conventional extending and/or reinforcing fillers. Fumed 
.silica has be^n found to be particularly effective as a 
reinforcing filler for the silicone component of the present 
15 invention. 

In another particularly preferred embodiment of the present 
invention, the addition curable silicone composition also 

] contains a silane or polysi loxane ' which* functions both as an 

inhibitor and as an adhesion promoter. One such composition is 

20 . described in U.S. Pat. No. 3, 759, §68 to Berger et al. as a 
maleate^ or fumarate functional silane or polysiloxane. 
Compositions effective only' as an inhibitor are disclosed in 
U.S. Pat. No. .4,256,870 to Eckberg and 4,061,609 to Bobear. 
Other suitable inhibitors will be obvious to those skilled in 

25 ' the art. 

It is further contemplated that component (b) can be 
condensation curable silicone composition. Generally, condens- 
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atlon curable silicone compos it Ions are available In either one 
or two packages and comprise (l) a polydiorganosiloxane having 
terminal hydrolyzable groups, e.g.i hydroxy! or alkoxyl, and 
(2) .a catalyst which promotes condensation curing. Such 
5 compositions .^re .well . known in the art, for. example, as 

described .In U.S. Pat. No. 3,888,815 to Bessmer et al. 

Alternatively, the polysiloxane network can be prepared by 
the hydrolytic polycondensation of si lanes having the general 
formula 

10 . . : , ' . SI .,(0X)3 

where each X is independently selected from the group 
consisting of hydrogen, alkyl radicals, hydroxyalkyl radicals, 
alkoxyalkyl radicals, and hydroxyalkoxyalkyl radicals, and Y is 
an ,alkyl radical,. OX, where X iS:as previously defined, or an 
15- amino or substituted amino radical.. The use of silanes having 

hydrolyzable groups, to form a polysilo.xarie network of an 
: -interpenetrating poVymer network .is-discussed. in,^greater detail 
- in. U.S.; Pat, No, 4,250,074 to Foscante et al. 

The amount of curable silicone composition used in 
20 practicing the present invention can ranjge from as little as 

about 1 part by. weight per. 100 parts by weight of component (a) 
%o as much as. about . 150 parts, by weight .per 100 parts by weight 
of component (a). .. A ^particularly preferred embodiment of the 
present invention , utilizes from 1 to 50 parts by weight 
25 silicone per 100, parts by weight of component (a). Optimal 

results, are obtained when from about 5 to. about 35 parts by 
weight of silicone composition are used per 100 parts by weight 
of polytetraf luoroethylene. It should be noted that the 
translucency of the final product increases as the ratio of 
30 silicone composition to PTFE increases. 
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For ease of discussion, preparation of compositions having 
inter penetrating matrices iri cured form will be desc ribed only 
with respect to polyt^traf luorQetfryTene kr\6 add it i on cur ab 1 e 



s i 1 i cone compos i t i ons . "Those skilled in the IrT wTTT~ 
appreciate that in order to prevent jiremature curing of the 
silicone composition the cdmpohehts chust hot all be combined 
until the "time of use" unless a suitable" inhibitor is included 
(or moisture excluded in the case of condensation curable 
silicone cohfipositidnslV ' ' ^ ' "* ' ' ' 



10 * In a preferred embodiment of this invention a one 

component, addition curable silicone composition containing an 
amount of inhibitor' effective to pirevent curing below about 
lOO^C is dissolved iri a suitable solvent, for example, kerosene 
' . or mineral spirit's J The~re's7lTin^ 

i"5 with thie" t)blytetraf lo'ord'ethylerie poWder in'- a" tifinbler^type mixer 

' ' * suitable fdt* 'mixing' liquids With solids iH^'order to incorporate 
the desfr6d leVeT of s"i1-icone into the 'PTFE-.' • ■The semi-dry 
' powder obtained "is- a mixture bf^ PTFE sil icone- cdrriposit ion and 
solvent which can be pressed into a cylindrical bar or other 
20 suitable shape. 



The cylind rical bar is the n extroded a nd' - calendered to 
provide a* film' of * des^T7^d thickness. Aft^ the solvent is 
' removed this film can • be' \stretched tb 'provide a -film having a 
porous* microstructurc/ consisting df fibdes " and fibrils. 
25 Although expansion of the film dan be carried out at 

temperatures "ranging from room temperaiture to about 325®C, it 
is preferable that the temperature range from about 250**C to 
about -300^C so that the silicone composition cures during the 
Stretching process. 
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If an Inhibitor Is not present to prevent premature curing 
of the sllicorie composition, it is desirable to prepare a 
mixture of PTFE and vinyl containing polydlorganoslloxane and a 
mixture of PTFE and organohydrogenpolysnoxane, either or both 
mixtures also containing a curing catalyst. At the time of use 
the powders are combined and the final product . prepared as If 
an Inhibitor were present. 

Because of the presence of the silicone In the extruded 
PTFE film, stretching was easier as the silicone acted as an 
Internal plasticizer. Consequently, It Is not required that 
stretching be effected as , ^fa$t as possible, and excellent 
results have been obtained with stretch rates of only 20% per 
second. Of ctourse, this does not, preclude stretching at rates 
of 1000% per second or more as. taught by Gore in U.S. Pat. No. 
3,953,566. ^ " ' \' , ; , . ... . ... j. ; 

Stretched films prepared in accordance with the present 
invention generally have^ thicknesses ranging from about 0.5 
mils to .about 10 mils. Quite, surprisingly,, however, the 
resultant materials had larger pore, sizes than similar 
20 materija.ls prepared solely . from PTFE, , yet they exhibit improved 

air permeability and improved resistance to liquid water 
permeability. , , 

. It is also preferred that the expanded products be heated 
to above the lowest .crystalline melting point of the PTFE so as 

25 to increase the amorphous content of the polymer, typically to 

10% or more. Such amorphous regions within the crystalline 
structure appear to greatly inhibit slippage along the 
crystalline axis and thereby lock fibrils and nodes so that 
. they resist slippage under . stress. As a result, a surprising 

3^ Increase in strength Is obtained. 
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In another aspect of the present invention there are 
provided composUi ons havihci interpenetrating in cured 

form comprising; ' " ' ^ 



10 



(a) a 



first 



jpJyme.rL 



poly tetraf Tuoro6thy1ene> and 



* 2 



(b)^ a 

>; -Is c.i 



'second ' ' p ojynier 



po 1yd f organbs i 1 6xan# . 



^network. 



network 



L I. .' ' f K. 



^com prising 



jcomprising 



'Components (a) and "(bj of this aspect of the invention are 
the s^me as described hereinabove, 'however, the final product 
is^ pre pared by conventional extrusion techi^ioues rather than bv 

_stretcJii -acu 



1 5 ^ ■ 



ComposHibhs ■ pr^pared'^^^ 1^ w^th the present 

invention firid pai^ticul^f utility " as*^ filters^ ' pump packing, 
i n s ti Tat i orK'for el e c t r i c a f'^'^x a gter^^^d useful i n 



the manuf a cture Of - breathabl e' vieari ho apparetr- 



20 



In order to better enable those skilled in the art to 
practice the present invention, the following examples are 
provided" by ^^way of illustration and not by way of limitation. 
All parts arid percentages are by weight "unless otherwise noted. 

- EXAMPLES ' 



Silicone compositions comprising the components set forth 
in Table 1 were prepared and identified as silicone A through 
silicone J, 
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Sllicone - PTFE compositions were then prepared by 
disso lving the silicone in keros ene and then mixing this 
solution withJPIFE_Jn_a_turabler--type-mixer. These compositTons 
arelet forth In Table 2 as compositions 1 through 10. 





Table 




FIFE CoDpositlons 






Cr-mpcs 1 t i on 
Number X Kerosene^ 


X \lllcoae2 


Weight V 
Xerosene, 
lbs. 


Weight !/ 
Silicoiie, 
lbs. 


Weight 

FIFE, 

lbs. 

60 


Weight 
CaCOj, 


1 


17 


7 


11 


4.5 


lbs. 


2 


i7 


7 


1.2 


0.5 


6.5 




3 


17 


7 


1.2 


0.5 


6.5 




4 


17 


7 


1.2 




6.5 




5 


17 


7 


1.2 


0.5,; 


6.5 




6 


17 


7. 


1.2 


■; 0.5 


6.5 




7 


17 


20 


1.2 


i i-'^ I 


5.6 






17 


7 


1.2 


^ .■ . 

■ 0.5 1^ 


6.2 


0.35 


9 


17 


7 


1.2 


0,5 / 


6.5 




K 


13 


20 


1.2 


1.4 


5.6 





1. Kerosene calculated as percent of total solids weight. 

2. Silicone level based on percent of final "dried-, extruded film. 

20 Extrusions of the foregoing silicone - PTFE compositions 

were prepared as specified in Table 3* 
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Table 3 - PIF£ ^ Sillcooe Egtrudateg 



1 0 



15 



Slllcoae 
U«ed (X) 




.Stretch Specif ic2 
' Ratio Gravity 



1:2 
is3 

Is* ?; 

1:1 

1:1 

1:1 

1:1 

1:1 

1:3 

1:1 

1:1 

1:1 

1:1 

1:1 



1.63 

1.09 

0.87 

0.77 

1.23 

1.29 

1.38 

1.32 

1.41 
1.75 
1.70 
1.66 
1.95 



Final 
width. inB. 

6.4 

.' . ^5.9 
' 'S.A 
: A. 9 
5.5 
6.0 
5.75 
6.0 
5.75 
5.75 
4.0 
6.0 
6.75 
6.0 



20 1. All samples used 17% kerosene as a lubricant except 11 

which used 13% resulting in a more difficult extrusion. 

2. The reduction in specific gravity for lA - ID reflects the 
difference in longitudinal stretching of the samples. 

3. Extrudable PTFE-Silicone mixture stored .at 72'F for 22 
25 hours before extrusion. 



1 
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The extruded^: calendered an - silicone samples 

were then stretched from their extruded width of about six 
inches to 64^ 66 or 74 inches. The films were sintered during 
the stretching operation to prevent shrinking. Moreover, since 
sintering was effected at 300''C, the cross! inkable silicone 
mixtures were cross! inked during this . operation. Physical 
properties of the .stretched film are shown in Table 4 where 
data on permeability of the stretched films with different 
Silicone additives are compared. 
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In Table 4 the stretched film property measurements have 
the following meaning^: 



Stretch tatle 



5 


















Nulles 


Value 




10 










Bubble 


Point 





20 



AJLr Fenpeabillty - 



Moisture-Vapor — 
TransndsBloD 



Since tbe cxtrudate !• conTejed orer bented dru»*rolltre 
during the drying step* loogltudinally st retching of the 
f ils can be varied, byr a^Ju&tiqg the speed of tbe druss* 4 
^atio of 1:1 assjuttea J ^^*» iatfrctchlnfp. nrrn ra In fhr 
ftachine direction. ^ 

Measures the pounds per square inch of vater pressure needed 
to get penetration of the flln. A measure of 
watcrproofnes's. Jhe higher ; the ; Kiillen value the aore 
waterproof is the film. A minlDun value of 25 ia desired. 

A measure of the pounds per square inch of pressure 
necessary to produce a bubble in a column of water on the 
opposite aide of the fllk.i- This . is a measure of the 
porosity from which the maxlnua por:^ size can be calculated. 

Measures the;^^ breatheability .of .the : f llo by the air flow 
through the oembrine expre^ssed in cujblc feet per minute per 
square foot of area* ^ j- 

This also measures the breatheability of the film by the 
number of grams of water evaporated; per square meter of 
area over a 24 -hour period when . air . flows across a film in 
contact with water on the opposite * aide. The higher the 
value tbe greater the breatheability. 



25 



The results in Table 4 show that excellent results are 
obtained in comparison to stretched PTFE which does not have an 
interpenetrating polydiorganosiloxane network. 
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; A detailed set of extrdction experiments^ were then 
^conducted to show that the snicone compositions di d cure Into 
the PTFE matrix. Also Included In the extraction study were 
silicones which could not be crossl inked. Thus, weight loss 
studies before and afte r extrjaction with;, hexane in a 
extraction apgaratus— show— Whether— an-T-1nterp.enetrat1ng "networlr 
was formed. The data were collected for both ' extruded and 



stretched samples and the results as set forth in Table 5. 
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In Table 5, the theoretical weight percent silicone Is that 
amount mixed wlt^i PTFE, while the percent silicone extracted is 
the actual weight loss from the sample after extraction. From* 
these two values percent silicon for the amount originally 
5 added {% Si theory) and percent silicon for the amount 

remaining after extraction (i SI calcul^^^ were determined. 
These results were then compared with the percent silicon found 
by elemental analysis (« Si found). For sample 5, which 
contained an uncrosslihkable silicone, essentially all of the 
10 silicone was extracted, even after thermal treatment. 

A comparison of the stretched PTFE - silicone, films shows 
that for the lA sample essentially none of the silicone could 
be extracted, whereas for sample 3 most of the silicone was 
extracted 2fS expected. ,/ . ■ . . ^ 

15 Sample 4 showed less extr actable silicone than was 

expected,, suggesting that crosslinking occurred through 
interaction of the material with dtmospheric moisture or 
moisture introduced during processing, since this was a 
condensation curable silicone. 

20 Next, an extruded sample of PTFE having a 50 mil thickness 

and containing 20 percent of Silicone G (Table 1) was cured at 
200*C for two hours. The resultant material had a Shore A 
hardness of 90, 484 psi tensile at break and elongation, 
in addition to being elastomeric, the material was 

25 substantially translucent. 
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I Claim; 

1. A composition having interpenetrating matrices, 
conprising: 

(a) V first polymer network characterized by nodes 
interconnected by fibrils, and 

(b) a second polymer network comprising diorganosiloxy 
units. 

_ 2. A composition as in Claim 1, wherein component (a) is 
selected from the group consisting of polytetraf luoroethylene, 
polyethylene, polyamides and polyesters. 

3, A composition as in Claim iV wherein component (a) is 
polytetraf luorpethylene. 

4. A "composition as in Claims T or 3 wherein component 
. (b) is formed from an addition curable silicone composition 

comprising (1) a polydiorganpsi loxane having alkenyl 
unsaturation, (2) an organohydrogenpolysi loxane crossl inking 
agent, and (3) a catalyst for promoting cross linking of (1) and 

. 5. A composition as in Claim 4, wherein the viscosity of 
the polydiorganosi loxane having alkenyl unsaturation is less 
than 100,000,000 centipoise at ZB^'C. 

6. A composition as in Claim 4, wherein the viscosity of 
the polydiorganosi loxane having alkenyl unsaturation is from 
about 500 centipoise to about 50,000 centipoise at 25^C. 
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7. A composition as In Claim -4, wherein the viscosity of 
the polydiorganosiloxane having alkenyl unsaturation is from 
about 3000 centipoise to about 6000 cent i poise at 25^C. 

8. A composition as in Claim 5, wherein the 
organohydrogenpolysiloxane has a viscosity of from about 25 
centipoise to about 10,000 centipoise Z5^C. 

9. A composition as in Claim ■ 6, > wherein the 
organohydrogenpolysiloxane has a viscosity of from about 100 
centipoise to about 1000 centipoise-at ZS^'C. 

10. A composition as in Claim 9, wherein the 
organohydrogenpolysi Toxane is"^ -substantially linear. 

n. A composition as in Claim 9, wherein the 
organohydrogervpolysiloxanef is a reSih.^ ^ 

12. A composition as in Claim 8, wherein the curing 
catalyst is a platinum containing cdmple)(. ' 

13* A composition as in Claim 12, further comprising a 
reinforcing- organopolysi loxane resin. 

14* A composition as in Claim 13, wherein the reinforcing 
organopolysi Toxane resin has vinyl unsaturation on mono- 
functional siloxahe units, difunctional siloxane units, or both* 

15. A composition as in Claim 8, further comprising a 
filler. 
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16. A composition: as .In CUIrn T5,^,where1n the filler Is 
fumed silica. - 

17. A composition as in Claim 8» further comprising, a cure 
inhibitor. «: . ;. vn-f /' .c-:..^. 

18. A; .^composition .as V in Claim: 17^ wherein the cure 
inhibitor is a maleate or fumarate functional silane or 
pD.lysiloxane.. , / .o: - ^ 

19. A. compositioa as in Claims .1 or ;3fr.wh,s^^€in component 
(b) is formed from a condensation curable silicone composition. 

,20. A composition as. in Claims. 1 or,r3». :Wherein the weight 
ratio of component (b) to component (a) is from 1:100 to 3:2. 

21. A composition .as 'in Claims J ror 3 weight 
ratio of component (b) to component (a) is from 1:100 to 1:2. 



22. A composition as , in _G1aims vl or, 3i wherein. the weight 
ratio of component (b) to component (a) is from 1:20 to 7:20. 

23. A composition ^ having . '.interpenetrating matrices, 
comprising: 

(a) a first polymer ^ ; network, . comprising 
' polytetrafluoroethylene^ and - 

(b) a second polymer ; network comprising 
polydiorganosi loxane. 
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.24. A composition as in Claim 23» wherein the 
polydiorganoslloxane.^ .is formed^ . addition curable 

silicone composition. 

25. A composition as in Claim 23, wherein the 
polydiorganosiloxane ^ is formed from a condensation curable 
silicone composition. 

26. A composition as in Claim 23, wherein the weight ratio 
of component (b) to component (a) is from 1:100 to 3:2. 

27. A composition as in Claim 23, wherein the weight ratio 
of component (b) to component (a) is from 1:100 to 1:2. 

28. A composition as in Claim 23, wherein the weight ratio 
of cornponent (b) to component (a) is from 1:20 to 7:20. 

29. A composition capable of being prt)cessecJ to a material 
having interpenetrating matrices, comprising a mixture of 

(a) polytetraf luoroethylene, and 

(b) a curable silicone composition. 

30. A composition as in Claim 29, further comprising a 
solyent- 

31. A composition as in Claim 29» wherein component (b) 
comprises (.1) a . polydiorganosiloxane having alkenyl unsatura- 
tion^ (2) an organohydrogenpolysiloxane crossl inking agent, and 
(3) a catalyst for promoting crossl inking of (1) and (2). 
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32. A composition as In Claim 31» wherein the viscosity of 
the polydiorganosiloxane having alkenyl unsaturatlon is less 
than 100,000^000 centlpoise at 25*C. 

33* A composition as in Claim 31^ wherein the viscosity of 
the polydiorganosiloxane haying alkenyV unsaturation Is from 
about 500 centlpoise to about 50,000 cehtipoise at ZS^'C. 

34. A cornposition as In Claim 31, wherein the viscosity of 
the. polydiorganosiloxane having alkenyl unsaturation is. from 
about 3000 centlpoise to about 6000 centlpoise at 25'*C. 

35. A composition as in Claim 33, wherein the 
organohydrogenpolysi loxane has a viscosity from about 100 
centlpoise to about 1000 centlpoise at 25®C. 

35. A composition as in Claim 55/ wherein the 
organohydrogenpolysi loxane is a resin. 

37. A composition as in Claim 31, wherein the catalyst is 
a platinum containing complex. 

33. A composition as in Claim 29, further comprising a 
reinforcing organopolysi loxane resin. 

39. A composition as in Claim 29 or 38, further comprising 
a filler. 

40. A composition as in Claim 29 or 38, further comprising 
a cure inhibitor. 
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41. A composition as In Claim 29» wherein the curable 
silicone composition Is condensation curable* 

42, A composition as in Claim 29, wherein the weight ratio 
of component (b) to component (a) is from 1:100 to 3:2. 

43* A composition as in Claim 29, wherein the weight ratio 
of component (b) to component (a) is from 1:100 to 1:2. 

44. A composition as jn Claim 29, wherein the weight ratio 
of component (b) to component (a) is from 1:20 to 7:20, 

45* An article of manufacture made from the composition of 
Claims 1, 3, ,23 or. 29. 

46. A method, for making a composition capable of being 
processed into a material having interpenetrating matrices in 
cured form, comprising the steps: 

(a) dissolving a curable silicone composition in a 
solvent, and 

(b) mixing the . . solution obtained in (a) with 
polytetraf luoroethylene powder. 

47. A method as in Claim 46, wherein the solvent is 
kerosene, toluene, or mineral spirits. 

48. A method as in Claim 46, wherein mixing is effected in 
a tumbler-type mixer suitable for mixing liquids with solids. 
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49. A method for making a composition having Interpenetra- 
ting matrices* comprising the steps: 

(a) expanding a shaped article comprising a polymer 
capable of >eing expanded to a material characterized 
by nodes interconnected by fibrils and a curable 
silicone composition and 

(b) curing said curable silicone composition. 

50. A method as in bl aim 49, wRerein steps (a) and (b) are 
carried out simultaneously. 

51 . A method as ' in' Claims 49 Vr 50 wherein the polymer 
capable of being expanded to a material characterized by nodes 
interconnected by fibrils is selected from the group consisting 
of polytetfaf luoroethylene, polyethylene, polyamides and 
polyesters. 

52. A method as in Claims 49 or 50, wherein the polymer 
capable of being expanded to a material characterized by nodes 
interconnected by fibrils is polytetrafluoroethylene. 

53. A method as in "Claims 49 or 50 wherein the curable 
silicone composition is ah addition curable silicone 
composition. 

54. A method as in Claim 53, wherein curing is effected at 
a temperature above 100°C. 
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BS. A method as lifi Claim, 54, :«here1n curing is effected at 
a temperature of from about 250*C to about 300*C. 

t 

56, A method as In Claim 52^ further comprising the step 
of heating the" expanded material , to above? -the - lowest 
crystalline melting point of the polytetraf luproethylene. 

57, A method as in Claim 49, wherein step (a) is carried 
out .by expanding the shaped: article' at a stretch rate of about 
204 per second. 

58, A method as in Claim 49, wherein step (a) is carried 
out .by expanding the shaped article at. a stretch rate, of at 
least 1000% per second. - - 
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